We reviewed topographical homologies in the upper tooth morphology of bats and analyzed the implications to relationships among higher taxa within Chiroptera. A standardized terminology for the upper molars of bats is proposed, taking into consideration the nomenclature adopted for tribosphenic mammals. Major patterns of variation in crown morphology of chiropteran upper molars were reevaluated, and 2 new structures were identified: mesoconule and mesoconule crista. The main controversies in the literature regarding terminology and structural identity in the upper molars of chiropterans are discussed. Forty-eight dental morphological characters are presented for extant bats and the extinct Icaronycteridae, with the exception of Pteropodidae, which has lost the tribosphenic dental pattern. These were combined with 191 characters of other morphological systems from the literature. The tree obtained from parsimony analyses mostly agrees with previous proposals based on morphology. However, major differences were found: the position of Noctilionoidea at the base of the radiation of modern microchiropterans, which formed a trichotomy with Yinochiroptera (including Emballonuridae) and the remaining Yangochiroptera; Antrozoinae disassociated from the other Vespertilionidae, forming a poorly supported clade with Mystacinidae and Molossidae; and the relationship between the sister taxa Myotinae and Miniopterinae within Vespertilionidae.
Despite past controversies (Baker et al. 1991; Pettigrew 1991; Simmons 1994) , the order Chiroptera currently stands as one of the most strongly supported monophyletic groups within the eutherian mammals (Gunnell and Simmons 2005; Simmons et al. 2008; Teeling et al. 2005) . Similarly, the extant families are well supported by both morphological (Gunnell and Simmons 2005; Simmons 1998 ) and molecular data (Teeling et al. 2000 (Teeling et al. , 2002 (Teeling et al. , 2005 Hoofer 2000, 2001; Van Den Bussche et al. 2002 . However, suprafamilial and subfamilial ranks remain contentious, especially because of differences among molecular and morphological data (Miller-Butterworth et al. 2007; Simmons 2005a; Simmons et al. 2008; Teeling et al. 2005) .
The study of tooth morphology is particularly relevant to mammalogy because of its abundance in the paleontological record, structural diversity, and morphofunctional implications. This is especially true when applied to Chiroptera, which displays the largest intraordinal radiation of feeding habits in mammals, including different kinds of herbivory, insectivory, carnivory, piscivory, and sanguivory (Ferrarezi and Gimenez 1996) . The tribosphenic structure of bat molars, however, has been poorly explored for patterns of cusp variation and homology. Studies that evaluate aspects of tooth morphology in the broader context of Chiroptera did not fully detail the diversity of cusp forms present in the molar crowns (Koopman and MacIntyre 1980; Miller 1907; Slaughter 1970) . Moreover, detailed studies usually are restricted to a single genus, family, or subfamily Legendre 1984; Menu 1985; Morgan and Czaplewski 2003; Phillips 1971) . Other studies have presented a quantitative or morphofunctional point of view and ignored or only superficially mentioned questions related to the homology of the cusps (Evans 2005; Freeman 1981b Freeman , 1998 and its phylogenetic relevance. The lack of a standardized nomenclature for the chiropteran dentition only adds to the difficulties regarding its use for taxonomic, phylogenetic, and paleontological purposes. A need clearly exists for a more detailed study of cusp homologies in bats, especially in light of their potential contribution to the elucidation of unresolved questions in bat phylogeny. w w w . m a m m a l o g y . o r g Simmons and coworkers (Gunnell and Simmons 2005; Simmons and Geisler 1998; Simmons et al. 2008) conducted the main morphological analyses of relationships among higher taxa within Chiroptera. In those papers tooth morphology was not explored in detail. For example, of the 204 characters of the morphology-based matrix, only 8 refer directly to tooth morphology. Our paper aims to develop further the understanding of topographical homology in the upper-tooth morphology of Chiroptera (excluding Pteropodidae) and thereby improve the morphological data set with potential to infer relationships among higher taxa in bats.
MATERIALS AND METHODS
We analyzed specimens of at least 1 genus of each of the extant families and subfamilies of Chiroptera, as well as Icaronycteris, from the extinct family Icaronycteridae (based on molar illustrations in Hooker [1996] ). Exceptions are Craseonycteridae, a rare monotypic family to which we did not have access; Pteropodidae, because of extreme modifications that resulted in the loss of the tribosphenic pattern in this family; and most of the subfamilies of Phyllostomidae (only Phyllostominae was sampled), because of the extensive dental modifications within the family, which are regarded as outside the scope of this work. A total of 50 microbat genera were examined as part of this study (Appendix I). The classification of Simmons (2005b) was used as our standard taxonomic reference, but ranks above family follow Simmons and Geisler (1998) and Koopman (1985;  for Yinochiroptera only).
Descriptions of variation in patterns in the tooth morphology of bats were based on hypotheses of topographic correspondence relative to shape, position, and association with other structures and dimensions. The standardization of the terminology for upper molar cusps was based on a comparative analysis of bats and other tribosphenic mammals (Bown and Kraus 1979; Czaplewski et al. 2008; Legendre 1984; MacIntyre 1966; Menu 1985; Wible et al. 2009 ). The nonbat tribosphenidans studied included specimens of didelphimorph marsupials (Caluromys, Didelphis, Gracilinanus, Micoureus, and Thylamys), a eulipotyphlan (Sorex), and the extinct cimolestans (Pantolambda and Cimolestes), condylarthrans (Choeroclaenus and Litaletes), and Procreodi (Tricentes and Oxyclaenus; Appendix I). The numbering of teeth refers to half of the dental arcade, as is customary for mammals. Upper teeth are designated by I1-I2 (incisors), C (canine), P2-P3-P4 (premolars), and M1-M2-M3 (molars).
Our ingroup of bats is composed of nearly the same extant terminal taxa that were used by Gunnell and Simmons (2005) . Additionally, Sorex was chosen as an outgroup representing Eulipotyphla, a group at the base of Laurasiatheria and closely related to a clade that includes Chiroptera (Bininda-Emonds et al. 2007; Onuma et al. 2000; Waddell et al. 1999) . Sorex has a tribosphenic pattern that allows unequivocal recognition of cusp homologies with bats.
The data matrix combines our 48 characters hypothesizing primary homology of the upper molar patterns observed within Chiroptera and the 191 characters describing other morphological complexes proposed by Gunnell and Simmons (2005) . However, characters that represented redundancies (characters 14, 18, and 20) , concerning lower teeth (characters 19, 22, and 23), or did not show any variation for the terminal taxa considered in our study (characters 13, 24, 118, 152, 159, 175, and 200) were excluded. In total, 44 characters were regarded as additive, and 195 characters were considered nonadditive.
Phylogenetic analyses with unweighted characters were conducted using the parsimony algorithm (traditional search) implemented by the TNT program (Goloboff et al. 2008) consisting of a heuristic search with 1,000 replicates of randomaddition sequence followed by tree-bisection-reconnection branch swapping. The new technology search options of TNT (sectorial searches, ratchets, tree drifting, and tree fusing) also were used with default settings to confirm the most-parsimonious trees. A decay (Bremer 1994 ) and bootstrap analysis (using heuristic methods of random-addition sequence, 10 repetitions for each of 3,000 bootstrap replicates -Felsenstein 1985) were performed to evaluate the relative support for various groupings. Character-state distributions were examined using TNT.
RESULTS
Standardized terminology for upper molars of bats is proposed (Table 1) and illustrated ( Fig. 1 ) based on comparison of tribosphenic mammal dentition (Bown and Kraus 1979; Goin and Candela 2004; Hershkovitz 1977; MacIntyre 1966; Salles 1996; Szalay 1969; Vandebroek 1967; Van Valen 1966; Wible et al. 2009 ) and bat dentition (Czaplewski et al. 2008; Freeman 1998; Legendre 1984; Menu 1985; Slaughter 1970 ). We present 48 characters based on the upper-tooth morphology of bats (Appendix II). Most of the characters (30) are original hypotheses of homology for bats, and characters 7 and 8 refer to structures that are described here for the 1st time for Chiroptera. Combined with other morphological characters from Gunnell and Simmons (2005) , the complete matrix has 239 characters (Appendix III).
Analysis of the total matrix resulted in 2 equally mostparsimonious trees with 764 steps, consistency index (CI) of 0.401 and retention index (RI) of 0.532. The strict consensus was calculated (CI 5 0.398 and RI 5 0.527), producing a tree with 22 clades (Fig. 2) .
The extinct family Icaronycteridae is positioned at the base of the tree, followed by a trichotomy of 3 clades: Yinochiroptera (sensu Koopman 1985; includes Emballonuridae), Noctilionoidea, and a large group composed of the remaining Yangochiroptera families and subfamilies. Chiroptera (excluding Icaronycteridae) is relatively well supported, with decay values of 7 and bootstrap values of 89%.
Within Yinochiroptera, Emballonuridae is rooted at the basal node, followed by Rhinopomatidae, Nycteridae, Megadermatidae, Rhinolophidae, and Hipposideridae in a successively branching sequence of families. Although relatively weak support exists for the basal position of Emballonuridae and Rhinopomatidae, relationships among more differentiated yinochiropterans have higher decay and bootstrap values. Yangochiroptera (excluding Noctilionoidea) has a dichotomy at its base between Nataloidea and a group including Mystacinidae, Molossidae, and Vespertilionidae. Myzopodidae is positioned at the base of Nataloidea, followed by Natalidae, which is sister to the clade composed of Thyropteridae and Furipteridae. The clade Nataloidea is well supported, but decay and bootstrap values supporting its internal relationships are relatively low. The remaining Yangochiroptera are composed of 2 main branches. The 1st is a clade including Antrozoinae, followed by Mystacinidae, which is sister to Molossidae (with Molossinae and Tomopeatinae forming a well-supported monophyletic group). The other main branch consists of Vespertilionidae (excluding Antrozoinae) standing as a poorly supported monophyletic group, with Vespertilioninae being the sister taxon to 2 sister clades, embracing Myotinae and Miniopterinae and Kerivoulinae and Murininae.
DISCUSSION
The homology of upper molar cusps and crests among bats and other mammals is not entirely clear. Different nomenclatures, sometimes reflecting different assumptions regarding (Czaplewski et al. 2008; Freeman 1998; Legendre 1984; Menu 1985; Slaughter 1970) . The main controversies regarding terminology and structural identity in the upper molars of chiropterans are discussed below. Hypocone and metaconule.-The main posterolingual cusp in the upper molars is usually identified as a hypocone. However, this cusp could be the result of an independent differentiation process (Hunter and Jernvall 1995; Jernvall 1995) . The 2 most common interpretations are: the posterolingual cusp is the result of expansion of the postcingulum, resulting in a hypocone; or the posterolingual cusp emerges as part of the development and displacement of the metaconule. In both cases the final tooth morphology might be indistinguishable, and the identity of the hypocone cannot be inferred from the configuration and position of the posterolingual cusp.
In Chiroptera the hypocone can be absent or vary from tiny (Chrotopterus and Phyllostomus) to large (Noctilio and Pteronotus). In contrast, the metaconule is usually associated with the trigon basin and can vary from a minuscule elevation inserted on the postprotocrista to a large cone similar to the hypocone, or be absent. The position of the metaconule on the labial-lingual axis also varies from close to the base of the metacone to close to the tip of the protocone with some intermediate stages. Another variation in metaconule position occurs on the anteroposterior axis with insertion on or close to the postprotocrista (Molossus) to being completely separated (Tadarida and Mormopterus). An intermediate position is found in Myotis, Thyroptera, Molossops temminckii, and Chaerephon leucogaster, among others. In M. temminckii the metaconule is medium sized and displaced from its original position, although its top is still inserted on the postprotocrista. In C. leucogaster the metaconule is medium sized and slightly displaced from its original position in M2 (Fig. 1b) but is large and more displaced in M1, with the top of the cusp just separate from the postprotocrista. When the metaconule is well developed (Tadarida and Mormopterus) and is situated away from the postprotocrista, its general structure is shaped and positioned similar to a large hypocone. In these cases we assert that this cusp is a metaconule instead of a hypocone when it appears in closely related taxa (such as M. temmicnkii and Cynomops) as a medium cusp closer to the postprotocrista, and that the hypocone is absent.
Many authors (Czaplewski et al. 2003b; Gregorin 2000; Legendre 1984 ) considered the large posterolingual cusp of some molossid taxa as a hypocone because of its position and size. Czaplewski et al. (2008) called it a hypocone in Chiroptera if it was large and separate from the postprotocrista on the talon. But molossids show all stages of development of the metaconule: small (Molossus), medium (M. temminckii and Cynomops), and large (Tadarida and Mormopterus). In molossid taxa with a more conventional metaconule (small or medium, in its original position or just a little displaced) the hypocone is always absent. The small metaconule and the large hypocone-like metaconule are very different, but the intermediate stages (M. temminckii) show more continuous variation between the morphological extremes. Therefore, we assert that the large posterolingual cusp in some molossids is a metaconule and not a hypocone.
Many authors have recognized the posterolingual cusp in Vespertilionidae as a metaconule instead of a hypocone (Czaplewski 1993; Menu 1985) , but it is not as well developed as in some molossids. The hypocone is absent in all vespertilionid taxa analyzed in our study.
The hypothesis that the large posterolingual cusp in the upper molars is in some cases a well-developed metaconule and not a hypocone, as proposed here for some chiropterans (molossids, vespertilionids, and thyropterids), has been proposed before for other unrelated mammal groups (Case et al. 2005; Goin et al. 2003 Goin et al. , 2007 Hunter and Jernvall 1995; Jernvall 1995) and for some vespertilionid bats (Czaplewski 1993; Menu 1985) . Hunter and Jernvall (1995) considered the posterolingual cusp of bat molars to be a hypocone, but they used a limited sample of bat taxa-only Phyllostomidae, Pteropodidae, and Mystacinidae, all of which have a hypocone associated with the postcingulum.
Mesoconule and mesoconule crista.-Some bat species have a small accessory cusp (or cuspule) on the internal base of the metacone, usually situated in the same region as the internal portion of the premetaconule crista (when the crista is absent) or associated with the premetaconule crista (Rhynchonycteris). No reference to or citation of this cuspule is found in the literature on Chiroptera. Because of its position close to the base of the metacone, this cusp sometimes can be considered erroneously a vestigial metaconule. However, the position of the metaconule in bats is associated with the margin of the trigon, and the small cuspule was observed in some species in which the metaconule is either vestigial or well developed.
This small cuspule was observed in a few bats (Rhynchonycteris, Cormura, Chaerephon, Myotis, Furipterus, and Thyroptera), and was absent in marsupials and other placental mammals analyzed. The only mention of a similar structure was MacIntyre (1966:158) on carnivores of the extinct family Miacidae, who stated that the ''metaconule marks the point where the protocone-metastyle crest (5 postprotocrista) gives off a short branch (5 premetaconule crista) which connects the metaconule with a small cuspule (mesoconule) near the lingual base of the metacone.'' This description is similar in shape, position, and associated structures to that found in some bats and has not been described for Chiroptera. Thus we adopt mesoconule as the preliminary assignment for this tiny accessory cusp, although we recognize that further research is needed to confirm its relationships.
The premetaconule crista continues after the mesoconule in a curved path toward the base of the mesostyle on the floor of the trigon basin. At this point it can be interrupted by a small gap before it reaches the labial corner of the trigon basin nearest to the lingual side of the mesostyle, but in some specimens the crest completely traverses the trigon basin. We name this crest the mesoconule crista. It can occur either associated with or independent of the mesoconule.
Both the mesoconule and the mesoconule crista are small structures compared to the other molar cusps and potentially highly susceptible to tooth wear. Additionally, these minuscule structures show great intraspecific variation in all analyzed taxa, except Rhynchonycteris, where they seem to be always present (Fig. 1c) . In Myotis the mesoconule crista can be rudimentary or absent in different specimens of M. albescens, M. levis, M. ruber, and M. riparius; however, this structure was not found in M. velifer and M. nigricans. In none of the Myotis species observed is the mesoconule crista always present (Fig. 1a) .
The bats that have a mesoconule are Rhynchonycteris, Cormura, Chaerephon, Myotis, Furipterus, and Thyroptera. The mesoconule is a tiny structure and varies intraspecifically for presence or absence, except in Rhynchonycteris, which has a small but distinct mesoconule that is always present. The mesoconule crista always was found in Rhynchonycteris and can be present or absent (intraspecifically) in Mormopterus, Chaerephon, Tadarida, and Myotis.
Some extinct miacids have 2 related structures (mesoconule and mesoconule crista) similar to those found in some bats, which suggests an evolutionary convergence. Furthermore, this structure could have evolved convergently at least twice in bats. However, these tiny structures, whose occurrence is inter-and intraspecifically variable, could be easily overlooked in descriptions of tooth morphology of other mammalian taxa, as it was for Chiroptera. If it is confirmed that these structures occur in other chiropteran taxa, they could be pleisiomorphic for bats or even for a higher taxon. More thorough analyses of tooth morphology, especially focusing on Eocene fossil bats and basal placentals, are needed to clarify this and other questions of structural identities and homology.
Paraconule crista and metaconule crista.-Chiropterans have 1 or 2 small crests beginning in the central region of the trigon basin and extending directly to its margin, where they usually connect to the paraconule and metaconule (when these cusps are present), or to the pre-and postprotocrista (Figs. 1a  and 1b) . Some bat studies use the terminology paraloph and metaloph (Legendre 1984; Menu 1985) , or conule wings (Slaughter 1970) , for those crests. However, the crests associated with the metaconule and paraconule cusps in other tribosphenic mammals are usually called (pre-and post-) paraconule crista and (pre-and post-) metaconule crista (Bown and Kraus 1979; Szalay 1969) . The paraconule and metaconule cusps in bats are very tiny structures that can be absent in many bat taxa. Also, they wear away fairly quickly so are difficult to distinguish in some species.
The postparaconule crista and the premetaconule crista of tribosphenic mammals correspond to the paraloph and metaloph of bats. The preparaconule crista and the postmetaconule crista of tribosphenic mammals are not evident in bats, probably having fused with the paracingulum and metacingulum, or with the preprotocrista and postprotocrista, respectively, or simply are absent.
To standardize molar terminology we have adopted the names postparaconule crista and premetaconule crista for bats. In Chiroptera these crests can be well developed, as in some Molossidae and Vespertilionidae, but in most taxa they vary from rudimentary to absent (Myzopoda, Macrophyllum, Mormoops, and Noctilio). Tooth wear can make these crests difficult to detect. A few taxa also show a small modification in the position of these crests, which are directed toward the lingual end of the trigon basin instead of the trigon margin (Fig. 1c) . Czaplewski et al. (2003a) considered this modification to be an autapomorphic condition in Nyctinomops (Molossidae), but it occurs convergently in some emballonurids (Rhynchonycteris, Balantiopteryx, and Emballonura).
Postcingulum and talon.-The postcingulum follows the posterior base of the protocone. In Chiroptera this cingulum varies from rudimentary to large. The large cingulum fills the space between the molars.
The occlusion surface formed by the expansion of the postcingulum usually is called the talon (Czaplewski et al. 2008; Legendre 1984) , but some authors (Freeman 1998 ) also have called it the hypoconal basin. The term talon appears in both bat and other tribosphenic mammal terminology. It represents the occlusal surface posterior to the trigon basin. The term hypoconal basin is not appropriate because the talon or postcingulum sometimes occurs independently of the presence of a hypocone. For example, Megadermatidae and Nycteridae have large talons without hypocones.
The postcingulum is always present in bats, except for intraspecific variation in Molossus rufus. The talon (expansion of the postcingulum forming an occlusal surface) can vary from absent to very large.
Paracingulum expansion.-The M1 of some emballonurids (Rhynchonycteris, Emballonura, and Balantiopteryx) has an anterolabial expansion of the paracingulum that is not observed in other mammals studied. This expansion was described by Plumpton and Jones (1992:1) as a ''conspicuous anteroexternal cusp that is distinct from the small parastyle'' for Rhynchonycteris. We consider this structure as a small shelf and not a real cusp (Fig. 1c) .
Phylogenetic analyses.-Our tree shares the following phylogenetic patterns with that of Gunnell and Simmons (2005) : Icaronycteridae occupies a basal position; modern microchiropterans form a monophyletic group; Yinochiroptera are monophyletic and show the same internal relationships in both analyses, including Emballonuridae at the base; Molossidae subfamilies are monophyletic with high support; relationships within Noctilionoidea are the same, but Gunnell and Simmons (2005) have Mystacinidae as its sister taxon; Nataloidea is composed of the same families, with Myzopodidae basal to the other taxa, but internal relationships are different; and Vespertilionidae, to the exclusion of Antrozoinae, is monophyletic and congruent between the 2 analyses. Some relevant differences between the phylogenetic results of Gunnell and Simmons (2005) and ours are worth mention. The inclusion of Noctilionoidea with the other Yangochiroptera is not supported by our data set, which places Noctilionoidea in a basal radiation of modern microchiropterans forming a trichotomy with Yinochiroptera and the remaining Yangochiroptera. This arrangement is not supported by other recent phylogenetic analyses (Gunnell and Simmons 2005; Simmons and Geisler 1998; Simmons et al. 2008 ) but was proposed earlier by Smith (1976) .
In our analysis a sister-taxon relationship between Furipteridae and Thyropteridae is supported by tooth characters 28 (presence of an anterolabial basin of P4), 35 (absence of the incisor-directed crest on the main cone of C), and 46 (I2 with 2 cusps; convergent with Myotinae). Furipteridae and Thyropteridae also were considered sister groups by Eisenberg (1981) and Smith (1976) . In contrast, Gunnell and Simmons (2005) found a sister-taxon relationship between Furipteridae and Natalidae, with Thyropteridae the sister family to this clade. In our topology Natalidae is basal to Thyropteridae and Furipteridae.
Examination of our data also shows a sister-taxon relationship between Mystacinidae and Molossidae, supported by tooth characters 11 (reversal of the position of the lingual extremity of the metacingulum to directly join the postprotocrista), 12 (absence of the lingual cingulum of M1-M2), 13 (absence of precingulum of M1-M2), and 16 (the corner between the postparacrista and premetacrista forms a narrow curve). This relationship was proposed before by Eisenberg (1981) , Novacek (1991) , Simmons and Geisler (1998) , and Smith (1976) .
The inclusion of Antrozoinae at the base of the Mystacinidae and Molossidae clade, and disassociated from other Vespertilionidae, has weak support from only character 41 (absence of I2). Traditional classifications (Hill and Smith 1984; McKenna and Bell 1997; Simmons 2005b) included Antrozoinae among vespertilionids. Simmons (1998) and Simmons and Geisler (1998) , however, raised this group to family level and moved it to Molossoidea. Gunnell and Simmons (2005) placed Antrozoidae as the sister family to Vespertilionidae, but this relationship had low decay and bootstrap support. We propose that this taxon should be treated as a family separate from the other Vespertilionidae because of its uncertain position among the Yangochiroptera.
The sister-taxon relationship between Myotinae and Miniopterinae contradicts previous proposals to recognize Miniopteridae as a separate family from Vespertilionidae (Gopalakrishna and Chari 1983; Mein and Tupinier 1977; MillerButterworth et al. 2007; Simmons et al. 2008) . The clade of Myotinae and Miniopterinae appears within Vespertilionidae and is supported by character 1 (presence of a medium to large metaconule in M1-M2), character 2 (intermediate position of the metaconule in relation to the posterior face of the protocone in M1-M2), character 20 (a reversal to a lingual position of the metacone in M3 relative to its position in M1-M2), and character 43 (a reversal of I1 to a position anterior to C). Therefore, we suggest that Miniopterinae be maintained as a subfamily of Vespertilionidae.
We expect that the molar terminology proposed here can be useful for future research on comparative tooth morphology among bats and other tribosphenic mammals. The suprafamilial and subfamilial relationships of bats are not clearly understood, and dental attributes might prove to be decisive for more indepth phylogenetic reconstruction. Future developments of this research will involve amplifying our data set with the inclusion of Pteropodidae and all Phyllostomidae subfamilies; evaluating cusp homologies on the lower teeth of Chiroptera; and furthering the study of patterns of tooth variation within tribosphenic mammals.
RESUMO
Nós revisamos as homologias topográficas relativas à morfologia da dentição superior de morcegos e analisamos suas implicações nas relações filogenéticas entre grandes grupos de Chiroptera. É proposta uma padronização da terminologia dos molares superiores de morcegos, levando em consideração a nomenclatura padrão adotada para os mamíferos tribosfênicos. Os principais padrões de variação da morfologia da coroa dos molares superiores de quirópteros foram reavaliados, e 2 novas estruturas foram identificadas: mesocônule e crista mesoconular. São também discutidas as principais controvérsias na literatura com relação à terminologia e identidade estrutural dos molares superiores dos quirópteros. São apresentados quarenta e oito caracteres morfológicos dentários presentes nas famílias de morcegos viventes, com exceção de Pteropodidae, que apresenta uma grande modificação do padrão dentário tribosfênico original, e na família extinta Icaronycteridae. Estes caracteres foram combinados com 191 caracteres de outros complexos morfoló-gicos obtidos a partir da literatura. A árvore obtida a partir de análises de parcimônia concorda, em grande parte, com propostas anteriores baseadas em morfologia. No entanto, diferenças consideráveis foram encontradas: a posição do Noctilionoidea na base da radiação dos microquirópteros modernos, formando uma tricotomia com Yinochiroptera (incluindo Emballonuridae) e os demais Yangochiroptera; Antrozoinae dissociada dos demais Vespertilionidae, formando um clado pouco suportado com Mystacinidae e Molossidae; e a relação entre os grupos-irmãos Myotinae e Miniopterinae dentro de Vespertilionidae.
ACKNOWLEDGMENTS
We thank C. E. L. Esbérard, J. A. Oliveira, L. M. Pessoa, M. R. Nogueira, and R. Gregorin for previous insights on an earlier version of this work; C. Tribe for gently reviewing this manuscript; M. Weksler for kindly taking some photos; and J. da Silva, the artist responsible for the tooth drawings. We also acknowledge M. de Vivo (Museu de Zoologia, University of São Paulo) and N. B. Simmons (American Museum of Natural History) for access to specimens in their care. We extend our acknowledgments to the 2 reviewers for their valuable comments on the manuscript. Support for this study was provided by the Brazilian Research Council (CAPES) and Brazilian National Council for Research Science (CNPq).
LITERATURE CITED

